Background: Four rapid, accurate, and validated stability-indicating spectrophotometric methods have been described in the present work for the analysis of trimebutine maleate (TM) in existence of its degradation products in its authentic form and in pharmaceutical formulations excluding any separation steps. Results: These methods were a dual-wavelength (DW) method which allows the determination of TM in existence of its degradation products at 243 nm and 269 nm, second derivative (D 2 ) method measured at peak amplitude at 268 nm, ratio difference (RD) method at 242 nm and 278 nm, and constant center coupled with spectrum subtraction (CC-SS) method at 242 nm and 278 nm versus 278 nm. By applying the suggested methods, TM could be quantified in the range of 5.0-60.0 μg/mL with percentage recoveries 99.97 ± 0.40, 100.36 ± 0.58, 99.90 ± 0.42, and 100.15 ± 0.45 for DW, D 2 , RD, and CC-SS methods, respectively. International Conference on Harmonization guidelines were followed for validation of the described methods, and the application of laboratory-prepared mixtures along with different pharmaceutical drugs including the target drug showed favorable results without any contribution from additives. Conclusions: Statistical comparison was used to compare the proposed and official methods, and satisfactory results for both accuracy and precision were obtained. The results confirm the applicability of the suggested methods for the determination of TM in quality control laboratories.
Background
Chemically, trimebutine maleate (TM) identified as (2RS)-2-(dimethylamino)-2-phenylbutyl 3,4,5-trimethoxybenzoate (Z)-butenedioate ( Fig. 1) is an antispasmodic drug and is effective in the remediation of irritable bowel syndrome which is the well-known usage of TM over a lot of previous years [1] . It is a noncompetitive spasmolytic agent with mild opiate receptor affinity and remarkable anti-serotonin activity. Over the last decade, it reduces abnormal intestinal activity but does not alter normal GI motility and is indicated for the remediation and repose of spastic colon symptoms. Moreover, it is also used to cure patients having postoperative paralytic ileus following an abdominal surgery [2, 3] .
Trimebutine maleate (TM) is an official drug presented in the British Pharmacopoeia [1] . Literature review encountered that several analytical methods were published for the quantitative analysis of TM in pharmaceutical drugs and in physiological fluids. These methods include few simple and direct UV-spectrophotometric methods for the resolution of trimebutine maleate in existence of its degradation products through the application of first derivative and first derivative of ratio spectra spectrophotometric methods [4] ; different visible spectrophotometric methods were reported for the determination of TM in mixture with other pharmaceutical drugs using different coloring agents in different reaction conditions [5] [6] [7] [8] [9] , high performance liquid chromatographic methods [4, [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] , and electrochemical methods [20] [21] [22] [23] .
Stability is considered to be one of the most important criteria in quality control related to pharmaceuticals. Only stable pharmaceutical drugs would guarantee accurate delivery of the drug to the patients. Expiration dating on any drug formulation depends on scientific studies at ordinary and stressed conditions. The International Conference on Harmonization (ICH) [24] approved a stability test which suggests that it is important to investigate the inherent stability properties of the drug product through certain stress studies, for instance, hydrolysis study; therefore, this will lead to the identification and determination of drug products which will support the developed stability-indicating analytical method.
Degradation of trimebutine maleate (TM) is considered an easy technique as it is an ester-type antispasmodic drug. It was reported that it was subjected to hydrolysis under alkaline and acidic conditions to yield the same degradation products, namely 2-(dimethyl amino)-2-phenylbutanol and 3,4,5-trimethoxy benzoic acid [4] . However, the degradation products used in this work were prepared using the alkaline hydrolysis as mentioned in [4] where its condition was 100 mL 0.1 M NaOH at 100°C for only 30 min that was enough for a complete degradation, whereas the conditions for acid hydrolysis was 100 mL 1 M HCl at 100°C for 12 h which was enough for complete degradation even though it produces the same degradation products as that produced by the alkaline hydrolysis. That is why it is time-saving to stick to the alkaline hydrolysis that also produces the same degradation products as that obtained from acidic hydrolysis. Therefore, the proposed methods could be applied for the analysis of TM in the presence of either alkali or acid-induced degradation products.
The ultimate target of this study is to achieve and validate stability-indicating UV-spectrophotometric methods that are simple, rapid, and selective with less cost and time for the analysis of trimebutine maleate in existence of its degradation products in its authentic form and in market samples excluding any separation steps through various manipulating pathways so as to obtain satisfying results that are characterized by high accuracy and precision and are more sensitive for the substance in charge.
Experimental

Apparatus and software
The following are the apparatus and software used: 
Solvents
The following are the chemicals of analytical grade used in this study:
-Concentrated hydrochloric acid solution (Adwic, Egypt) used to prepare 1 M HCl -Sodium hydroxide pellets (Adwic, Egypt) used to prepare 0.1 M NaOH -Isopropanol (SDFCL, India) -Concentrated ammonia solution (Teba, Egypt) -De-ionized water (Egypt Otsuka Pharmaceutical Co., SAE, Egypt) -Methanol (Adwic, Egypt) -Chloroform (Adwic, Egypt)
Standard solutions Standard stock solutions
Preparation of TM standard stock solutions (1.0 mg/mL) along with its degradation products (derived from 1.0 mg/mL) was accomplished in 100-mL measuring flasks by dissolving 100 mg of each of them in methanol. Following this step, the volumes were increased until it reaches the mark using the same solvent and then kept in the refrigerator.
Standard working solutions
The working solutions were prepared freshly from the stock solutions by dilution using methanol to achieve a concentration of 100.0 μg/mL for each component.
Procedures
Preparation of degradation products of TM (derived from 1 mg/mL)
The preparation of TM degradation products was accomplished by refluxing 0.1 g of TM with 10 mL 0.1 M sodium hydroxide at 100°C following the reported method [4] . Complete degradation was done by refluxing for exactly 30 min that was confirmed by TLC development through the invisibility of the drug spot by the use of UV lamp at 254 nm using isopropanol-water-ammonia (14:4:2, by volumes) as a developing system. Potentiometer was used to adjust the pH of the solution to be 4.5 ± 0.02 using several values of 1.0 M hydrochloric acid and that pH was found to be adequate for precipitating the degradation products. Subsequently, filtration of the precipitate was done then dried under vacuum by the aid of separating funnel. Consequently, analysis of that dried precipitate was conducted by UV spectroscopy, IR, and mass spectrum and was confirmed that the precipitate is DEG 1. The filtrate was washed for several times, each time using 10.0 mL chloroform. The aqueous extract that was just washed was evaporated then dried under vacuum. The residue was analyzed by IR and mass spectrum and was confirmed that the filtrate is DEG 2.
Then, the preparation of 1 mg/mL stock solution of the degradation products (derived from intact) was done by dissolving all the content of the solution after neutralization in 100 mL methanol.
Spectrophotometric methods
Spectral characteristics The absorption spectra of 30.0 μg/mL of both TM and its degradation products in methanol were recorded all over the UV range of 200-400 nm using methanol as a blank.
Construction of calibration graphs Aliquots equal to 50.0-600.0 μg TM were accurately transferred into a series of 10-mL measuring flasks from its corresponding working solution (100.0 μg/mL) following that the volume was completed to the mark using methanol to achieve solutions of final concentrations (5.0-60.0 μg/ mL). Scanning of the absorption spectra of the resulting solutions from 200 to 400 nm was done and kept in the computer. Average of the three experiments were used to construct the calibration graphs of each method, and the regression equations were calculated.
Manipulating steps on zero-order absorption spectra Dual-wavelength (DW) method The absorbances of the stored spectra were recorded at 243 nm and 269 nm. The calibration curve was done gathering the differences between the recorded absorbance and the corresponding concentrations using the average of the three experiments, and the regression equation was calculated.
Second derivative method The stored second derivative (D 2 ) spectra of TM were measured through the range of 240-300 nm against solvent blank using Δλ = 8 nm and scaling factor of 100. Peak amplitude at 268 nm (zero-crossing of the degradation products) was used for constructing the calibration curve against the corresponding concentrations of TM, and the regression equation was calculated.
Manipulating steps on ratio spectra Ratio difference (RD) method In this method, ratio spectra were obtained and recorded by dividing the absorption spectra of the zero-order of TM (5.0-60.0 μg/mL) over the absorption spectrum of 30.0 μg/ mL degradation products used as a divisor. The difference between the amplitudes of stored ratio spectra at 242 nm and 278 nm against the corresponding concentrations of TM was used for constructing the calibration curve, and then the regression equation was calculated.
Constant center coupled with spectrum subtraction (CC-SS) method
This method seems to look like the ratio difference method only in the beginning of the manipulating steps as the same ratio spectra were used with the same divisor 30.0 μg/mL of the degradation products. Subsequently, two calibration curves were obtained, one of them relating the absorption spectra of the zero-order of TM at 266 nm against its corresponding concentrations and the other one relating the difference between the amplitudes of the ratio spectra at 242 nm and 278 nm against the amplitudes at 278 nm, and therefore, two regression equations were calculated.
Analysis of laboratory-prepared mixtures
Different laboratory-prepared mixtures having different ratios of the target drug and its degradation products (5.0-85.0%) were prepared using different aliquots of TM working solutions (100.0 μg/mL) and its degradation products (derived from 100.0 μg/mL). These mixtures were added into a series of 10-mL measuring flasks, then the volumes were made up to the mark with methanol while mixing well of the solutions, measuring those prepared laboratory-prepared mixtures throughout the UV range. Then, follow the instructions as described in each spectrophotometric method. Consequently, the concentration of TM in each mixture was obtained from each corresponding regression equation.
Application on pharmaceutical formulations
For Gast-reg® (100 mg and 200 mg) tablets Twenty tablets of each of Gast-reg® 100 mg and 200 mg tablets were weighed separately with high accuracy then finely powdered. An amount exactly equals to 100.0 mg of powder was added to a 100-mL beaker with 50 mL methanol. The solution was shaken in an ultrasonic bath for about 5 min then filtered into a 100-mL measuring flask, and the volume was made up to the mark with water in order to get a concentration of 1.0 mg/mL.
For Gast-reg® ampoules (50 mg/5 mL) The content of five Gast-reg ampoules was mixed; 5.0 mL from the content of five ampoules was transferred accurately to a 50-mL measuring flask and made up to the mark with methanol to attain a final concentration of 1.0 mg/mL. Then, further dilution was made by transferring 2.5 mL in a 25-mL measuring flask to attain a working solution of concentration 100.0 μg/mL.
For Gast-reg® suspension (24 mg/5 mL) Gast-reg suspension was constituted in 70 mL distilled water and mixed well to attain a final concentration of 24.0 mg of drug/5 mL. Five milliliters of the resulting suspension was transferred quantitatively into a 50-mL measuring flask, and some methanol were added then filtered through a filter paper. After the complete filtration, the solution was made up to the mark with methanol to attain a final concentration claimed to be 0.48 mg/mL. Appropriate dilutions were done for the analyzed formulations to get solutions with final concentrations claimed to be 20.0 μg/mL of TM in case of Gast-reg® tablets and ampoules while 24.0 μg/mL of TM in case of Gast-reg® suspension. Then, the solutions were analyzed using the procedure described under the proposed methods. The regression equations were used to calculate the concentrations of TM. According to ICH, the accuracy of the proposed spectrophotometric methods for the analysis of the different pharmaceutical formulations was determined using a standard addition technique in case of Gast-reg® 200 mg tablets, ampoules, and suspension while using a comparative study with a reported method [11] in case of Gast-reg® 100 mg tablets.
Results and discussion
The International Conference on Harmonization (ICH) guideline, namely "stability testing of new drug substances and products" demands that the stress testing should be carried out to illustrate the stability characteristics of the active compound [24] . A typical stability-indicating method is the one that determines the amount of the standard drug alone and analyzes its degradation products. Trimebutine maleate (TM) undergoes hydrolysis under alkaline condition according to the previously reported study [4] . This work was extended to confirm such investigation where complete degradation using alkaline condition was conducted upon refluxing of pure TM with 0.1 M NaOH for 30 min at 100°C (Fig. 2) . TLC of the intact drug and degradation products using isopropanol-water-ammonia (14:4:2, by volume) as a developing system revealed that the potential degradation products were isolated and showed two new spots at R f = 0.02 and R f = 0.46, which is distinct from that of the intact drug (R f = 0.81). The IR spectrum of intact TM reveals a stretching band at 1750 cm −1 which disappears in the IR spectrum of both degradation products, thus confirming the cleavage at ester linkage. In addition, the appearance of carbonyl group of acid at 1600 cm −1 (implies the structure of DEG 1) contains a carbonyl group. There is a broad band that appears at 3000 cm −1 which indicates the presence of alcoholic OH that is found in the structure of DEG 2 (Fig. 3 ). In the MS chart, the parent peak of the main drug, TM was identified at m/z 503 (Mol. wt of TM) and that of the isolated (Fig. 4) .
The objective of this work is to develop different smart stability-indicating spectrophotometric methods for specific estimation of TM in existence of its degradation products in its authentic form, laboratory-prepared mixtures, and different pharmaceutical drugs using several manipulating steps for either direct measurements at absorption spectra of zero-order or manipulation using ratio or derivative spectra.
Spectrophotometric methods
UV spectra of 30.0 μg/mL of each of TM with DEG 1 and DEG 2 were scanned ( Fig. 5 ) which reveals that trimebutine maleate has λ max at 266 nm and that of DEG 1 has λ max at 256 nm while that of DEG 2 has λ max at 200 nm with poor absorbance spectrum due to the weak conjugation in its structure. Therefore, this poor absorbance of DEG 2 confirms its hard determination by different analytical methods.
Manipulating steps on zero-order absorption spectra
Dual-wavelength method The core of dual-wavelength method is that the difference in absorbance between the two selected points on the mixture spectra is directly proportional only to the concentration of component X and equals to zero for the component Y. In order to determine TM, two wavelengths (243 nm and 269 nm) were chosen so that the absorbance difference between them is directly proportional only to the concentration Fig. 6 Zero-order absorption spectra of 30.00 μg/mL of trimebutine maleate and 30.00 μg/mL of its alkali-induced degradation products showing DW method of TM and equals to zero for degradation products (Fig. 6 ). Under optimum spectrophotometric conditions, a linear relationship was achieved between the difference in absorbance at ΔA (243 nm and 269 nm) and the corresponding concentration of TM over the range of 5.0-60.0 μg/mL, and the regression equation was calculated as listed in Table 1 . This method has the advantage of being having minimum error and high accuracy as well as it can save effort and time, whereas its main drawback is the restriction in the selected wavelengths which are having constant absorbance of the interfering compound. This can lead to a critical measurement of the absorbance of the target drug and if any minute change in those selected wavelengths will result in unsatisfactory results with poor reproducibility.
Second derivative method Derivative spectrophotometry is an unpretentious and of low-cost analytical technique of high utility for producing both qualitative and quantitative information form unresolved band spectra. This method has the advantage of producing an increase in sensitivity and selectivity, whereas its disadvantage is the critical measurement at a certain wavelength and its reliance on instrumental parameters such as scan speed and slit width. The instrumental parameters of obtaining the absorption spectrum of zero-order have a high effect on the form and intensity of its derivative generations. The selectivity is the Relative standard deviation (RSD)% average of three different concentrations repeated three times each on three successive days (10.00, 30.00, 50.00 μg/mL) = (inter-day precision) Fig. 7 The decond derivative spectrum of 30.00 μg/mL of trimebutine maleate and 30.00 μg/mL of its alkali-induced degradation products measured at 268 nm at the zero-crossing point key in this method without any contribution of degradation products and depends on measuring the peak amplitude of D 2 spectrum of TM using smoothing factor and Δλ = 8 and scaling factor = 100 at 268 nm with zero-crossing of the spectrum of degradation products (Fig. 7) . Under optimum spectrophotometric conditions, a linear relationship was achieved between the peak amplitude of TM at 268 nm and its corresponding concentration over the range of 5.0-60.0 μg/mL, and the regression equation was calculated as listed in Table 1 .
Manipulating steps on ratio spectra
Ratio difference method In RD method, the absorption spectrum of the main drug was divided by the absorption spectrum of the substance that is needed to be canceled, and the obtained ratio spectrum represents TM/ DEG + constant. The method was applied to fix the issue of overlapping spectra of TM and its degradation products where the interfering substance was canceled and therefore showed no contribution. The choice of suitable divisor and the selected two wavelengths considered to be the main steps that influence the ratio difference method. The requirements for selecting suitable divisor is that it should be adjusted between lower noise and higher sensitivity, and regarding the chosen wavelengths, they should have high absorbance difference with considerable contribution from the degradation products. Consequently, the amplitudes at 242 nm and 278 nm were chosen for the determination of TM using 30.0 μg/mL of degradation products as the divisor (Fig. 8 ).
Under optimum spectrophotometric conditions, a linear relationship was attained between the amplitude differences of the ratio spectra at 242 nm and 278 nm and concentrations of TM in the range of 5.0-60.0 μg/mL, and the regression equation was calculated. Substitution in the regression Table 1 . Without the need for derivatization, the obtained constant will be removed in addition to any instrumental error following the subtraction of the recorded amplitudes at the selected wavelengths. Therefore, the ratio of signal to noise is reinforced. Ratio difference method was an appropriate method for the determination of TM in the existence of its degradation product because of its ease in application, minimal data used in manipulation, and ultimate reproducibility and robustness, which allow the analysis of drug and its degradation products without overlapped spectra and therefore can be applied in quality control testing with excessively pleasing results. Complete elimination of the degradation products was obtained in the form of a constant.
Constant center coupled with spectrum subtraction method The constant center method has the advantages of being able to obtain the original spectrum of TM. In this method, ratio spectra were achieved by dividing the absorption spectra of TM over that of a certain concentration of its degradation products. The requirements for selecting a suitable divisor is that it should be adjusted between lower noise and higher sensitivity. The divisor concentration of 30.0 μg/mL of the degradation products produced preferable results concerning average recovery percent when used for the analysis of TM concentrations. The interfering substance was removed after applying ratio difference at the two chosen wavelengths of the ratio spectra of the target drug and therefore showed any contribution. The two selected wavelengths were 242 nm and 278 nm, and they should be selected on the basis of the contribution of both the target drug and its interfering substance (Fig. 8) .
For the determination of TM in the laboratory-prepared mixture, scanning of the zero-order absorption spectra of the mixtures was done, and the ratio spectra of the mixtures were achieved by using 30.0 μg/mL of Table 2 Determination of the studied drug trimebutine maleate in laboratory-prepared mixtures with its alkali-induced degradation product by the proposed UV-spectrophotometric methods degradation products as a divisor where recorded amplitude at 278 nm was measured for each mixture, whereas the postulated amplitude value at 278 nm can be mathematically computed by using the equation explaining the linear relationship between the ratio difference of ratio spectra at 242 nm and 278 nm (degradation products were canceled) and the corresponding ratio amplitudes at 278 nm ( Fig. 9) .
where P 1 and P 2 are the postulated amplitudes at 242 nm and 278 nm, respectively, and r is the correlation coefficient. The constant value was calculated by observing the influence on the amplitude of the ratio spectrum of TM at 278 nm (ΔP recorded − postulated ), so the constant value was mathematically computed by measuring the difference between the recorded amplitude and postulated amplitude at this wavelength.
where C.V is the constant value. P recorded is the recorded amplitude of the ratio spectrum of the laboratory-prepared mixture after being divided by 30.0 μg/mL of degradation products at 278 nm. P postulated is the calculated amplitude using the exact regression equation.
The obtained constant values were multiplied by the absorption spectrum of the divisor (30 μg/mL of degradation products) to obtain the absorption spectrum of zero-order of the degradation products then be subtracted from the absorption spectrum of zero-order of the mixture to get the absorption spectrum of zero-order of TM. Under optimum spectrophotometric conditions, the concentration of TM in the mixture could be calculated by substitution in the regression equation attained by plotting the absorbance at its λ max (266 nm) and its corresponding concentration in the range of 5.0-60.0 μg/mL as listed in Table 1 .
Constant center method provides many alluring features such as maximum resolution since absorption spectrum of zero-order of the target drug is achieved which can acts as a defined fingerprint and provides enhancement of sensitivity and specificity in mixture analysis.
Method validation
Method validation was accomplished according to ICH guidelines [25] for all the proposed methods as follows.
Linearity range
Linearity of the methods is examined by making different calibration curves on three consecutive days. The calibration curves are set up within concentration ranges that were picked on the basis of the expected drug concentration throughout the assay of the dosage form. Each concentration is iterated three times. All the validation parameters are listed in Table 1 .
Accuracy
The accuracy of the presented methods was examined by analyzing three samples of TM standard solutions.
The recovery percentages were listed in Table 1 , and the results showed high accuracy of the suggested methods.
Precision
Repeatability and intermediate precision (intra-day and inter-day precision) are expressed as RSD and can be obtained by analyzing three different concentrations of the target drug in the linearity range on single day and on three following days as shown in Table 1 .
Specificity
Specificity is checked by analyzing different mixtures consisting of the drug and its degradation products in several ratios within the linearity range. Favorable percentage recoveries with minimal standard deviation among the other methods are obtained as presented in Table 2 . The results of the analysis of the different pharmaceutical formulations are illustrated in Table 3 . According to ICH, the accuracy of pharmaceutical formulation using the proposed methods was checked in case of Gast-reg® 200 mg tablets, suspension, and ampoules through standard addition technique, which is a recovery attained when spiking the sample solution of the pharmaceutical formulation with known concentration of the intact drug as illustrated in Table 4 . A comparative study with a reported method [11] was done in case of Gast-reg® 100 mg tablets as illustrated in Table 5 .
Statistical analysis
The suggested methods and the official HPLC method of TM are statistically compared with each other regarding the t test and F values and revealed that there was no considerable difference between the official HPLC method and the experimental values which were obtained in the pure sample analysis by the proposed methods indicating identical accuracy and precision where the results are illustrated in Table 6 . The developed UV-spectrophotometric methods and the official HPLC method of TM are compared with each other using one-way ANOVA where the p value (0.315) is higher than 0.05 and the F calculated (1.247) is lower than the F tabulated (2.728) at p = 0.05, indicating that there is no critical difference between the suggested methods and the official method as illustrated in Table 7 .
Conclusion
This work introduced different smart and unpretentious stability indicating UV-spectrophotometric methods for concurrent determination of TM in existence of its degradation products in its authentic form, laboratoryprepared mixtures, and different pharmaceutical drugs using several manipulating pathways for either direct measurements at absorption spectra of zero-order or manipulation using ratio or derivative spectra. The proposed methods were time-saving and economic since no toxic organic solvents were used when compared to the chromatographic methods. The developed methods do not require exhaustive treatment, additional sophisticated software, or especial computer programs, thus enable their application for resolving the complex mixtures in quality control laboratories. In addition, the developed methods are direct, simple, and do not need separation, specific detector, or pretreatment steps. Validation of the proposed methods was performed in reference to the ICH guidelines regarding the linearity, range, accuracy, precision, and specificity, and all the obtained results were within the acceptable range. The results were satisfactory compared to that of the official method [1] of pure powdered form of TM using Student's t test, variance ratio F test at 95% confidence interval, and one-way ANOVA testing where the calculated results were lower than that of the tabulated results which indicates that there is no influential difference with regard to accuracy and precision. The results confirm the applicability of the suggested methods for the routine determination of the drug of interest TM in quality control laboratories. 
